A new species of coprophagous scarabaeid, Synapsis puluongensis sp. nov., is described based on six specimens collected in Pu Luong Nature Reserve in central Vietnam.
tion of the poorly known species S. horaki and a detailed key to the species of the genus Synapsis in Vietnam.
Materials and methods
Study area and sampling protocol. The fi eld research was conducted in limestone karst ecosystems in the Pia Oac Nature Reserve (Cao Bang Province, northern Vietnam) and the Pu Luong Nature Reserve (Thanh Hoa Province, central Vietnam) from March to May over a two year period (2015) (2016) . We used 90 baited pitfall traps in total to collect dung beetles. The traps were placed in habitats with increasing land use intensity, comprising primary forests, secondary forests and meadows at an elevational range of 800-1250 m in both reserves. Each trap consisted of a 5-liter plastic bucket buried to its rim in the soil, fi lled with 2 liters of 70% ethanol, and baited with 300 grams of a fresh pig and buffalo dung (50 : 50 ratio) mixture. Beetles that fell in traps were removed after 72 hours of trap exposure and preserved in 70% ethanol until examination in the lab (BUI et al. 2018) . Comparative material of following species was studied in the NMPC: Synapsis birmanica, S. brahmina, S. davidis, S. naxiorum, S. ovalis, S. ritsemae, S. simplex, S. strnadi, S. tridens, S. yama, and S. tmolus . Male genital morphology. The aedeagus was extracted through the abdominal apex using forceps and needles, and was then cleaned and softened in 5% KOH at 65ºC for one hour. Also the internal sac of the aedeagus was drawn out and heated again for 30 minutes for clearing. The aedeagus and its internal sac were placed in glycerin and photographed with a digital microscope (Keyence VHX-500F) (BUI et al. 2018) . Morphometrics. Measurements were taken with a digital caliper and from photographs taken with a digital microscope (Keyence VHX-500F). The following morphometric traits were measured: Prothorax. Pronotum transverse (PronL 4.9 mm, PronW 10.08 mm), widest at anterior quarter, with two distinct lateral carinae at each side. Area between carinae black, matte, glabrous and not punctate. Outer margin of outer carina with dense reddish-brown macrosetae. Anterolateral angles short and not protruding. Punctures not evenly distributed, denser at sides. Only small area at anterior edge of pronotal collar microrugose. Hypomeral cavities present but shallow, sparsely punctate and not covered with macrosetae. Meso-metaventrum quite smooth, with a few scattered fi ne punctures at its anterior end, bearing posterior median groove and deep excavation near metacoxae.
Pterothorax. Elytra (ElyL 11.4 mm, MWoI123: 2.51 mm) convex, very shiny, deeply striate; elytral striae strongly, densely punctate (DP10, 15: 1.03 mm); intervals smooth and impunctate. Interval 2 near base not swollen. masumotoi from Taiwan). Characters on the metafemora and elytral striae clearly differentiate S. puluongensis sp. nov. from the other species of the S. birmanica group recorded in Vietnam: both S. puluongensis sp. nov. and S. horaki have densely punctured metafemora on the ventral side, while S. yama has no punctures on the metafemur. In addition, S. puluongensis sp. nov. has coarse and closely spaced punctures on the elytral striae, which are absent or extremely weak in S. horaki (Figs 2A-D) .
Synapsis puluongensis sp. nov. has hypomeral cavities without macrosetae, which distinguishes it from S. birmanica (hypomeral cavities are covered by a brush of rusty macrosetae). The new species has deep striae, whereas in S. birmanica the striae are feeble (Figs 2E-F) .
Synapsis puluongensis sp. nov. is morphologically similar to S. naxiorum in its black and shiny dorsal side. However, the new species can be distinguished from S. naxiorum in having more punctures on the ventral side of the metafemora; elytral striae more densely punctate, intervals not punctate, and hypomeral cavities devoid of rusty setae (Figs 2A,G) .
The entire surface of S. puluongensis sp. nov. is black and shiny, in contrast to the opaque surface of S. punctata from Myanmar and S. roslihashimi from Malaysia. In addition, S. puluongensis sp. nov. has convex intervals, whereas S. roslihashimi and S. punctata have fl at or only weakly convex intervals. In S. punctata and S. roslihashimi all margins of intervals are punctate, whereas they are impunctate in the new species. The new species can also be distinguished from S. punctata and S. roslihashimi by the absence of hypomeral rusty macrosetae. Etymology. The specifi c epithet puluongensis refers to the name of the type locality, Nature Reserve Puluong, Thanh Hoa Province, central Vietnam; adjective. Biology. The new species was collected in primary forests on limestone bedrock. The primary forests are characterized by a complex structure with various storeys, comprising an upper storey with emergent trees more than 35 m tall, belonging to Dipterocarpaceae and Combretaceae, a dominant lower storey (various tree species from 15 to 30 m tall), and a brush layer on the forest fl oor containing various herbs (Urticaceae, Araceae, Begoniaceae), lianas and parasitic plants (Connaraceae, Fabaceae, Orchidaceae, Loranthaceae).
Synapsis horaki Zídek & Pokorný, 2010
( Figs 2B,H,I Head nearly semicircular, 4.4-5.3 mm long, and 7.5-8.5 mm wide. Clypeal surface extremely rugose; apex strongly and deeply emarginated, V-shaped; distance between apices of clypeal denticles (DDC) 1.4-1.6 mm; anterior margin fl exed upwards with few reddish setae. Genae rectangular, quite distinctly separated from clypeus and frons by well-defi ned suture; surface strongly rugose and weakly punctate; margins of anterolateral angles with dense reddish macrosetae. Frons unarmed, only slightly swollen; surface weakly rugose and punctate. Antennae with 9 antennomeres; length of antennomere I approx. 1.4 mm, equal in length to antennomeres II-VI combined; antennal club approx. 1.4 mm.
Prothorax. Pronotum transverse, 4.8-5.1 mm long, and 9.3-10.6 mm wide, widest at anterior quarter; pronotal disc almost indistinctly punctate, except for small weakly punctured areas near base and sides (at 30× magnifi cation); anterolateral angles sharp and not protruding. Two lateral carinae on each side of pronotum clearly distinct; margin of outer carina with dense reddish brown macrosetae; area between carinae smooth. Hypomeral cavities present; surface of cavities weakly and sparsely punctate, and without macrosetae. Meso-metaventrum plate almost smooth, with posterior median weak groove, and with distinct excavation near metacoxae; surface of sides and anterior part sparsely and weakly punctate.
Pterothorax. Elytra 10.4-12.1 mm long, 10.8-12.6 mm wide, with weak and indistinctly punctured striae. Elytral intervals convex, smooth and impunctate (at 30× magnifi cation); interval 2 swollen near base. Mesepimeron and metepisternum fl at, granulose and without macrosetae.
Legs. Ventral surface of profemora strongly, coarsely and quite equally punctate; macrosetae upon profemoral margin reddish brown and long, denser in anterior margin. Protibia (ProTiL 3.2-3.6 mm, ProTiW 2.3-2.9 mm) with three broad and fl at lateral teeth; protibial spurs (ProTiSL 1.4-1.6 mm) sharp, strongly curved outwards near apex, and equal in length to protibial tarsus. Ventral surface of mesofemora strongly and unequally punctate; punctures becoming denser on third posteior part. Mesotibia (MesoTiL 3.5-4 mm, MesoTiW 1.3-1.5 mm) with two sharp spurs (1 st MesoTiSL 2.0-2.4 mm, 2 nd MesoTiSL 1.1-1.3 mm). Ventral surface of metafemora strongly and unequally punctate; punctures denser on posterior half of metafemora. Metatibia (MetaTiL 4.7-5.1 mm, MetaTiW 1.3-1.5 mm) elongate and slightly curved. Metatarsus length 3.9-4.1 mm, with 5 metatarsomeres nearly similar in size.
Abdomen and pygidium. Abdominal ventrites opaque, indistinctly punctate, and narrower at midline. Pygidium 2.2-2.5 mm long, 4.0-4.8 mm wide; surface slightly convex, scabrous, and with mixture of punctures and rugosities.
Aedeagus. Phallobase length 3.4-3.6 mm (in lateral view); basal suture with strong swelling at middle. Parameres length 2.0-2.2 mm (in lateral view). Phallobase and parameres forming angle > 130 o . Sexual dimorphism. Based on an examination of the four specimens (3 males and 1 female), we did not fi nd signifi cant differences in morphological characters between both sexes, except for the colour of compound eyes, being black in the female but yellow in males (Figs 2H, I ). This fi nding is consistent with the observed sexes of S. puluongensis sp. nov., raising the possibility of using this character to distinguish both sexes of these two species. Biology. All four specimens were collected in the Pia Oac Nature Reserve. The habitat is primary forests at an elevation of 1220 m a.s.l. characterized by a forest canopy cover ranging from 76 to 95%. The percentage of exposed soil was 0-5%, with 6-25% herbaceous plant layer and leaf lit- Table 2 (on this and the opposite page). Morphological comparsions between the new species and its congeners compiled after GILLET (1911) , ARROW (1931) , BALTHASAR (1963) , MASUMOTO (1973 MASUMOTO ( , 1996 
Discussion
Tropical forests on limestone bedrock in northern and central Vietnam are characterized by shallow soils. Perhaps these soil characteristics are not suitable for large Synapsis species which are known to tunnel deep nests for the storage of dung for feeding and breeding (HANSKI & CAMBEFORT 1991) . Synapsis puluongensis sp. nov. and S. horaki were found exclusively in primary forests, and thus may be considered as indicator species for undisturbed forests. Specimens of the genus Synapsis were generally rare, comprising 10.45% of all coprine specimens found in primary forests.
The discovery of S. puluongensis sp. nov. increases the number of known species of Synapsis to 24, of which seven are now recorded from Vietnam. The Vietnamese species may be identifi ed using the following key.
Key to species of Synapsis recorded from Vietnam
The key is based on the specimens examined by us in NMPC and VNUF as well as on literature data (ARROW 1931 , BALTHASAR 1963 , KRÁL & REJSEK 2000 , KRÁL 2002 , HANBOONSONG & MASUMOTO 1999 , OCHI & KON 2007 , OCHI et al. 2008 , ZÍDEK & POKORNÝ 2010 . 1(6) Hypomeral cavities present (Figs 2E-F). 2(3) Elytral interval 2 near base not swollen (Fig. 2A) 
